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ABSTRACT 
          The present study was carried out to isolate and identify aerobic 
bacteria associated with dead-in-shell chick embryo, in (ACOLID) with 
respect to age of embryo, source of fertile eggs, and different seasons of the 
year. Identification of possible sources of infections (mothers, incubators 
and hatcheries environments) were also studied.  
         A total of 450 dead-in-shell chick embryos were collected from the 
hatcheries in the poultry farm of the Arab company for livestock 
development (ACOLID) in Khartoum State. 
         A total of 103 isolates were recovered, they consisted of 19 (18.5%) 
Gram-positive and 84 (81.5%) Gram negative organism. 
        Gram-positive bacteria genera included Staphylococcus (7.8%), 
Bacillus (3.9%), Micrococcus (2.9%), Corynebacterium (2.9%), 
Enterococcus (1.9%), Gram-negative bacteria included Proteus (18.5%), 
Escherichia (11.7%), Klebsiella (9.7%), Citrobacter (8.7%), Pseudomonas 
(7.8%),  Janthinobacterium (6.8%), Yersinia (5.8%), Salmonella (3.9%), 
Flavobacterium (3.9%) Enterobacter (2.9%) and Morganella (1.9%). 
       The majority of deaths were found to occur in summer in embryos 
between 18 to 21 days of age. 
        The investigated fertile eggs from local source (23.3%) were found 
positive for bacterial growth in comparison to 19.7% of imported fertile 
eggs.   
     Possible sources of infection in the farm were investigated and 
included the mothers, incubators and hatcheries environment. The genera 
Staphylococcus, Bacillus, Micrococcus, Enterococcus, and Escherichia 
were isolated from these sources. 
         It was concluded that, bacteria were responsible of 22.8% of dead 
embryos and infections occurred more frequently in Summer and during the 
late incubation period. 
 ix
 
  ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
  
 ﺍﻟﻤﺼﺎﺤﺒﺔ ﻟﻸﺠﻨﺔ ﺍﻟﻨﺎﻓﻘﺔ ﺃﻨﻭﺍﻉ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻬﻭﺍﺌﻴﺔ ﺒﻌﺽ   ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃﺠﺭﻴﺕ ﻟﻌﺯل        
  ،(ﺃﻜﻭﻟﻴـﺩ )ﺔ ﺍﻟﺜﺭﻭﺓ ﺍﻟﺤﻴﻭﺍﻨﻴﺔ ﺭﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﻟﺘﻨﻤﻴ  ﻓﻲ ﺍﻟﺸ  ﻭﺍﻟﺘﻌﺭﻑ ﻋﻠﻴﻬﺎ ﻟﺒﻴﺽ ﺍ ﺩﺍﺨل ﻗﺸﺭﻩ 
ﻭﺘﺄﺜﻴﺭ ﻓﺼﻭل ﺍﻟﺴﻨﺔ ﻋﻠﻰ ﻤـﻭﺕ , ﻋﻼﻗﺔ ﻋﻤﺭ ﺍﻟﻜﺘﻜﻭﺕ ﺍﻟﻨﺎﻓﻕ ﺒﺎﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟﺔ ﺜﻡ ﺘﺤﺩﻴﺩ 
 ﻜﻤﺎ ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﻤﺼﺎﺩﺭ ﺍﻟﻌﺩﻭﻯ ﻤﻥ ٌﺃﻤﻬﺎﺕ ﺍﻟﻜﺘﺎﻜﻴـﺕ ، ﺍﻟﺒﻴﺽ ﺍﻟﻤﺨﺼﺏ ﻤﺼﺩﺭﻭ ﺔﺠﻨﻷﺍ
  . ﻭﻤﺘﺎﺒﻌﺔ ﺃﺜﺭ ﺍﻟﻌﺩﻭﻯ ﻓﻲ ﺍﻟﻔﻘﺎﺴﺔ،ﻭﺍﻟﺒﻴﺽ ﺍﻟﻤﺨﺼﺏ ﻓﻲ ﺍﻟﻤﺯﺭﻋﺔ
ﺒﻴﻀﻪ ﻤﺨﺼﺒﻪ ﻤﺤﺘﻭﻴﻪ ﻋﻠﻲ ﺍﺠﻨﻪ ﻨﺎﻓﻘﻪ ﻤﻥ ﻤﺯﺭﻋﺔ ﺩﻭﺍﺠﻥ ﺍﻟﺸﺭﻜﺔ ( 054)        ﺘﻡ ﺠﻤﻊ 
 91 ﺒﻜﺘﺭﻴﺎ ﻤﻨﻬـﺎ ﺘﺘﻜـﻭﻥ ﻤـﻥ ( 301)ﻭﺘﻡ ﻋﺯل , (ﺃﻜﻭﻟﻴﺩ)ﺍﻟﻌﺭﺒﻴﺔ ﻟﺘﻨﻤﻴﻪ ﺍﻟﺜﺭﻭﺓ ﺍﻟﺤﻴﻭﺍﻨﻴﺔ 
  .ﺒﻜﺘﺭﻴﺎ ﺴﺎﻟﺒﺔ ﻟﺼﺒﻐﺔ ﺍﻟﺠﺭﺍﻡ%( 5.18 )48ﻭ, ﺭﻴﺎ ﻤﻭﺠﺒﺔ ﻟﺼﺒﻐﺔ ﺍﻟﺠﺭﺍﻡﺘﺒﻜ%( 5.81)
ﻭﺩﻴـﻪ ﻤﻭﺠﺒﻪ ﻟﺼﺒﻐﻪ ﺠﺭﺍﻡ ﺍﻟﺘﻲ ﺘﻡ ﻋﺯﻟﻬﺎ ﺸﻤﻠﺕ ﺍﻟﻤﻜـﻭﺭﺍﺕ ﺍﻟﻌﻨﻘ       ﺍﺠﻨﺎﺱ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟ 
%(  9.2)ﻭﺍﻟﻭﺘـﺩﻴﺎﺕ %( 9.1) ﻭﺍﻟﻤﻜـﻭﺭﺍﺕ ﺍﻟﻌﻘﺩﻴـﻪ %(9.3)ﻭﺍﻟﻌـﺼﻴﺎﺕ  %(  8.7)
  .%(9.2)ﻭﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﺼﻐﻴﺭﻩ 
%(  5.81 )ﻟﻤﻨﻘﺒـﺔ  ﻋﺯﻟﻬـﺎ ﺸـﻤﻠﺕ ﺍ         ﺍﺠﻨﺎﺱ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﺴﺎﻟﺒﻪ ﻟﺼﺒﻐﺔ ﺠﺭﺍﻡ ﺍﻟﺘﻲ ﺘﻡ 
 ﺯﺍﺌﻔـﺔ ﻭﺍﻟ %(7.8)ﺍﻟﺴﺘﺭﻭﺒﺎﻜﺘﺭﻴﺎ ﻭ%( 7.9)ﻭﺍﻟﻜﻼﺒﺴﻴﻼ %( 7.11)ﻭﺍﻻﺸﺭﻴﻜﻴﻪ ﺍﻟﻘﻭﻟﻭﻨﻴﻪ 
%( 9.3)ﺍﻟـ ـﺴﺎﻟﻤﻭﻨﻴﻼ %(  8.5)ﻭﺍﻟﻴﺭﺴـ ـﻴﻨﺎ %( 8.6) ﺍﻟﺠﺎﻨﺜﻴﻨﻭﺒـ ـﺎﻜﺭﻴﻭﻡ %(8.7)
  .%(9.1)ﻭﺍﻟﻤﻭﺭﺠﺎﻨﻴﻼ %(  9.2)ﻪ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻌﻭﻴ%(  9.3)ﺍﻟﻔﻼﻓﻭﺒﺎﻜﺘﺭﻴﻡ ﻭ
ﻓـﺼل ل ﻗﺸﺭﺓ ﺍﻟﺒﻴﻀﺔ ﻴﺤﺩﺙ ﻓـﻲ  ﺩﺍﺨ ﺍﻷﺠﻨﺔﻨﻔﻭﻕ ﺤﺎﻻﺕ  ﺃﻥ ﻤﻌﻅﻡ ﺃﻭﻀﺤﻨﺎ          
   . ﻴﻭﻡ12 – 81  ﺍﻷﺠﻨﺔ ﻓﻲ ﻋﻤﺭ  ﺒﻴﻥ،ﺍﻟﺼﻴﻑ
ﻜﺎﻨﺕ  (%3.32 )ﻥ ﻤﺼﺩﺭﻩ ﺍﻟﺒﻴﺽ ﺍﻟﻤﺤﻠﻲ  ﻜﺎ ،ﺒﻴﺽ ﺍﻟﺘﺨﺼﻴﺏ ﺍﻟﺫﻱ ﺘﻡ ﻓﺤﺼﻪ            
           .ﻤﻥ ﺍﻟﺒﻴﺽ ﺍﻟﻤﺨﺼﺏ ﺍﻟﻤﺴﺘﻭﺭﺩ% 7.91ﻤﻭﺠﺒﺔ ﻟﻨﻤﻭ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻤﻘﺎﺭﻨﺔ ﺏ 
 ﺒـﻴﺽ ﻟﺍﻭ ﺍﻟﺤـﻀﺎﻨﺎﺕ  ﻓـﻲ ﺍﻷﺠﻨﺔ ﻟﻤﻭﺕ ﺔﺍﻟﻤﺴﺒﺒ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻤﺼﺎﺩﺭ ﺔﺘﻤﺕ ﺩﺭﺍﺴ           
ﺍﻟﻤﻜـﻭﺭﺍﺕ ﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴـﺔ ﻭ  ﺘﻡ ﻋﺯل ﺍﻟﻌـﺼﻴﺎﺕ ﻭﺍﻟﻤﻜـﻭﺭ ﻭﻟﻘﺩ ، ﻓﻲ ﺍﻟﻤﺯﺭﻋﻪ ﻤﺨﺼﺏﺍﻟ
  .ﻐﻴﺭﺓ ﻤﻥ ﺩﺍﺨل ﺍﻟﺤﻀﺎﻨﺎﺕ ﻭﺍﻟﻔﻘﺎﺴﺎﺕﺍﻟﺼ
 %8.22ﻥ ﻋ  ـﻤﺴﺌﻭﻟﻪ ﺍﻟﻬﻭﺍﺌﻴﺔ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺒﻌﺽ ﺃﻨﻭﺍﻉ ﻥ ﺃ ﺃﻭﻀﺤﺕ ﺨﻼﺼﺔ ﺍﻟﺩﺭﺍﺴﺔ         
 ﻭﺨﻼل  ﺍﻟﻌﺩﻭﻯ ﻭﺍﻟﻨﻔﻭﻕ ﺩﺍﺌﻤﺎ ﻓﻲ ﻓﺼل ﺍﻟﺼﻴﻑ ﺘﻡ ﻭﺘ ، ﺩﺍﺨل ﻗﺸﺭﺓ ﺍﻟﺒﻴﻀﺔ ﻨﻔﻭﻕ ﺍﻷﺠﻨﺔ ﻤﻥ 
  .ﺍﻟﻔﺘﺭﺓ ﺍﻷﺨﻴﺭﺓ ﻤﻥ ﺘﺤﻀﻴﻥ ﺍﻟﺒﻴﺽ
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INTRODUCTION 
The demand of animal protein especially poultry meat increase 
during recent years due to the rapid increase of human population 
particularly in the developing countries. Sudan is one of those 
developing countries, where the poultry industry has undergone 
progressive development attempts to satisfy the increasing demand for 
table egg and poultry meat, as an alternative to the red meat, which are 
expensive compared to white meat. So many large companies and 
small farms have been established around big towns all over the 
country. 
One of the cycles of poultry meat production is fertile eggs which 
are put in hatcheries for 21 days to produce chicks. The hatcheries of 
Arab Company for Livestock Development (ACOLID) in Khartoum 
State showed frequent reduction in hatchability of eggs during the 
year 2004 - 2005. 
Many causes are incorporated in reduction of hatchability and 
generally included bacterial infection (Ahmed et al., 1981; Osman, 
1996) adhesion, temperature variation, incubator faults (Das et al., 
1994) Mycoplasmal and viral infections (Stripkovits et al., 1985). 
  It has been also found through years of research that at least 20% 
of hatching eggs are wasted during incubation, mainly due to 
infertility and embryonic death, leading to an overall average hatch-
ability of 80%, under such conditions.  
  Predisposing factors play an important role in exposing 
embryos to death (Bailey et al., 1994; Harry, 1964; Rudy, 1991 and 
Bruce and Drysale, 1994). 
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This study was carried out to investigate and find out the most 
important aerobic bacteria that cause problems to the embryonated 
eggs in ACOLID Company hatcheries in the Khartoum State in the 
Sudan. The objectives of this study were the following:  
1. Isolation and identification of aerobic bacteria associated with 
dead-in-shell chick embryo in ACOLID company with  respect 
to:- 
    -  Stage of incubation (age of embryo) 
   -   Source (imported or local fertile eggs) 
   -     Different seasons of the year. 
2.   Identification of possible sources of infection (mothers, environ-
ment of incubators and hatcheries. 
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CHAPTER ONE 
LITERTURE REVIEW 
 
        The prenatal period just before and after hatching is a critical 
phase in the bird's life during which it is exposed for the first time to a 
plethora of microorganism. A number of general bacteria especially in 
the family Enterobacteriaceae can be isolated from dead embryos, 
dead-in-shell, weak chicks or infected yolk sacs of young birds 
(Barrow, 1994). Trans-shell transmission, translocation from the 
digestive tract, and vertical transmission are ways in which bacteria 
gain access to the developing embryo (Bruce, 1994).  
          It is interesting to note that hatching eggs at zero day of 
incubation carry a total bacterial count (TBC) of 350.000 to 450.000 
that is reduced to 50.000 - 100.000 by the 4th day but on the 8th day of 
incubation their number once again goes to 300.000 to 350.000. 
However during, the final stage of incubation on the 15th and 18th days 
the TBC has been recorded to be 450.000 to 600.000 and 13.500 to 
15.000 respectively, though much depends upon hygiene, sanitation 
and fumigation at farm, and hatchery level (Qureshi, 2002). 
According to Jordan (1979) the association of normal 
embryonic mortality with age of embryo was as follows: 
       0 - 4   days 15%. 
       4 - 16 days 20%. 
       16 - 21 days 65%. 
1.1. Hatchability of fertile eggs: 
Hatchability percentage is determined by calculating the 
number of chicks hatched as a percentage of the fertile eggs set. The 
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standard rate of hatchability world wide is 81.5%. Under the Sudan 
condition (ACOLID) the standard rate of hatchability is 74.5%. 
1.1.2. Reduction in hatchability:   
 Reduction of 1% in hatchability leads to big losses in large 
poultry companies. This may be due to many causes which include 
infertility of eggs, and dead-in-shell chick's embryo. Quersh (2002) 
stated that 15 – 20% of non-hatched eggs contained bacterial 
infection. 
1.1.2.1. Non-bacterial causative factors of dead-in-shell-chick 
embryo: 
         The cause of death in chick embryos that showed no bacterial or 
mycoplasmal growth may be attributed to other factors, or the 
infective agent may disintegrated after the death of the embryo 
(Ahmed et al., 1981). 
 Embryonic mortality may be due to nutritional deficiencies. 
Scoh and Krook (1972) reported that vitamins deficiencies cause poor 
hatchability. Egg shape and air cell position during incubation of the 
egg influence the frequency of death of embryos. Malposition of 
embryos results also in death (Benoff, 1980). 
        Temperature influence egg penetration and survival within the 
egg (Al Aboudi, et al., 1988). Reduction of hatching percentage may 
be due to adhesion and temperature variation as a result of incubator 
faults (Das et al., 1994). 
        Eggs with specific gravities lower than 1.080 have the highest 
embryonic mortalities and the lowest hatchability (Mc Daniel et al., 
1979). 
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          It was reported that early embryonic death is associated with 
too low pore concentration at the large end of the egg, and excessively 
thick shell. Late death and piped embryos had a lower pore 
concentration in all regions relative to hatched shells (Peebles, 1986). 
1.1.2.2.   Bacteria isolated from dead-in-shell chick embryo: 
          A larger number of aerobic Gram-positive and Gram-negative 
bacteria were isolated from dead-in-shell chick embryo. The Gram-
positive bacteria included Bacillus, Staphylococcus, Enterococcus, 
Corynebacterium, Micrococcus and Aerococcus. 
        The Gram-negetive bacteria included Klebsiella, Hafina, 
Salmonella, Pseudomonas, Citrobacter, Enterobacter, Alcaligenes, 
Erwinia Escherichia, Proteus,  Chromobacterium, Cardiobacterium, 
Morganella, Yersinia, Flavobacterium, Serratia, Plesiomonas, 
Acinetobacter, Aeromonas, Providencia and Brodetella. 
1.1.2.3.  Gram-positive isolated from dead-in-shell chick  embryo: 
1.1.2.3.1.  Staphylococcus: 
       Staphylococcus spp are ubiquitous, normal inhabitants of skin 
and mucous membranes of animal. Staphylococcus septicemia 
reported to causing acute death in laying bird (Bickford and 
Rosenwald, 1975). 
In Sudan Staphylococcus spp. were isolated from dead-in-shell 
chick embryo by Ahmed   et al. (1981) and by Osman (1996). 
In Mosul (Iraq) Alaboudi et al. (1992) isolated Staphylococcus 
from 4-local hatcheries with other 7 genera. 
In Anambra State (Nigeria) 79 pooled samples from 632 dead-
in-shell chick embryos in 2 hatcheries were cultured for aerobic 
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bacteria, Staphylococcus represented 25 of these 79 pooled sample 
isolates (Orajaka and Mohan, 1985). 
Wang (1992) isolated Staphylococcus from batch of dead 
embryos. 
1.1.2.3.2. Entrococcus: 
Egg transmission or fecal contamination of hatching eggs with 
Enterococci results in late embryo mortality and an increased number 
of chicks or poults unable to pip or penetrate through the shell at hatch 
(Alaboudi et al., 1992). 
It was reported that overall bacterial contamination including 
Enterococci spp, at the time of hatching can adversely affect chick 
early in life (Rudy, 1991). 
A strain of Enterococcus faecalis was isolated from the yolk sac 
of dead chick embryo (Sezen, 1985). 
In Sudan Ahmed et al. (1981), and Osman (1996) reported 
Entrococcus   from dead-in-shell embryo. 
1.1.2.3.3.   Corynebacterium: 
Corynebacterium spp. was isolated by Ahmed et al. (1981) and 
Osman (1996) from dead-in-shell embryo in Sudan. 
 
1.1.2.3.4.   Bacillus: 
       Bacillus spp. has been associated occasionally with embryo 
mortality and yolk sac infections in chickens (Bruce and Johanson 
1978). 
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It was reported that Bacillus spp. and E. coli were the most 
commonly cultured bacteria from reproductive disorders of hens 
(Goswami and Mukit, 1988). 
         Bacillus cereus, an organism that can cause food-borne illness in 
people, infected turkey, hen following artificial insemination and was 
found in 25% of their unhatched eggs, this fell to 4% after the 
infection was controlled (Bruce, 1983). 
       In India Lalithakunjamma et al. (1991) isolated genus Bacillus 
from dead-in-shell chick embryo. 
In Sudan Ahmed et al. (1981) and Osman (1996) isolated 
Bacillus from dead-in-shell chick embryo. 
1.1.2.3.5.  Micrococcus: 
In India Lalithakunjamma et al. (1991) isolated Micrococcus 
from dead-in-shell chick embryo. Also in Nigeria Orajaka and Mohan, 
(1985) isolated 25 Micrococcus from 632 dead-in-shell chick embryos 
from 2 hatcheries in Anambra State. In Sudan Ahmed et al. (1981) 
reported that isolation of many species of this genus like Micrococcus 
roseus, Micrococcus varians and Micrococcus luteus. 
1.1.2.3.6.   Aerococcus: 
Members of this genus are a Gram-positive cocci, they are non-
motile, non-sporing and non-capsulated organism. In Sudan Ahmed  
et al. (1981) isolated two species of Aerococcus from dead-in-shell 
chick embryo. William et al. (1953) isolated Aerococcus from human 
infections of the urinary tract and from endocarditis. 
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1.1.2.4.   Gram-negative bacteria isolated from dead-in-shell chick  
embryo: 
1.1.2.4.1.   Salmonella: 
Salmonella are short rods usually motile by peritrichous flagella 
except S. gallanirum and S. pullorum (Buchanan and Gibbons, 1974). 
Salmonella is an intercellular pathogen (Tieniney et al., 2004). 
Cason et al. (1994) observed that nearly 44% of chicks from un 
contaminated egg become infected with S. typhimurium when hatched 
along with surface contaminated eggs. In Saudi Arabia Barbour and 
Nabbut (1982) recovered Salmonella from in shelled chicken 
embryos. In Poland, Mazukiewicz et al. (1988) isolated Salmonella 
from dead chick embryos. Alaboudi et al. (1992) isolated Salmonella 
from dead chick embryo in Mousl (Iraq). 
     In Bhutanese (India) where reduced hatching percentage of 
eggs was observed, 100 developing embryos were examined on days 
6, 10, 14, 18 and 21. The causes of death were recorded for all dead 
embryos; Salmonellosis represented 35% of these isolates (Das et al., 
1994). Ahmed et al. (1981) and Osman (1996) isolated Salmonella 
from dead-in-shell chick embryo in Sudan. 
Salmonella enteritidis was isolated by Hiba (2007) from cases 
of enteritis in (ACOLID) Company. Fumigation with formaldehyde 
has been found to be useful for controlling salmonellae on hatching 
eggs (Williams et al., 1988). Bailey et al. (1994) found Salmonella on 
17% of egg shell samples and 21% of chick sample obtained from 
commercial broiler hatcheries in the United States. Miyamoto et al. 
(1998) reported that Salmonella penetration was significant decreased 
by cooling the egg at 4 degrees oC. Williams and Benson (1978) 
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observed the survival of Salmonella typhimurium for 16 month in feed 
and 18 month in litter stored at 25oC. 
1.1.2.4.2.   Escherichia: 
  Escherichia coli is a natural inhabitant of the larger intestine 
and lower small intestine of all mammals. E. coli is the type of the 
species of the genus Escherichia (Ewing. 1986). Pathogenic strains of 
E. coli accounted for 43 of 245 isolates from dead embryos (Harry, 
1957). In Nigeria Orajaka and Mohan (1985) isolated 23 Escherichia 
coli from 632 dead-in-shell embryos from 2 hatcheries. In Iraqi 
Alaboudi et al. (1992) isolated 8 Escherichia coli from 36 isolates. 
In Sudan Ahmed et al. (1981) and Osman (1996) reported 
isolation of Escherichia coli from many farms in the country. In 
Mexico Rosario et al. (2004) isolate E. coli from dead-in-shell embryo 
and chicken with yolk sac infection. 
Most of the embryos die at the various stage of incubation is 
due to Escherichia coli infection. So Escherichia coli can  be detected 
at the rate of 1.8 - 32.5% of the embryos died within 8 days, 16.6 - 
41.1% of embryo died within 14 days and 67.3 94% of the embryos 
died during the last days of incubation (Stipkovits et al., 1985). 
Suggesting rapid spread after hatching, the most important 
source of egg infection seems to be fecal contamination of the egg 
surface with subsequent penetration of the shell and membranes. 
Coliform bacteria can be found in litter and fecal matter. Dust in 
poultry houses may contain 105 - 106 /g. These bacteria persist for long 
periods, particularly under dry conditions (Harry, 1964). 
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        Egg transmission of pathogenic E. coli is common and can be 
responsible for high chick mortality. Pathogenic coliforms are more 
frequent in the gut of newly hatched chicks than in the eggs from 
which they hatched (Harry and Hemslry, 1965). 
Bacteriological examination of fluff samples collected from 
inside hatchers revealed Staphylococcus spp, Coliform organism, 
Enteroccoci and fungal contaminates (Prepetua. 1998). 
1.1.2.4.3.   Pseudomonas: 
Pseudomonas is among a variety of bacteria often recovered 
from dead embryos and sick newly hatched chickens, turkeys and 
ostriches (Kabilika et al., 1999). Lin and Shyu (1996) reported the 
isolation of pseudomonas from dead-in-shell chick embryo.  
In Nigeria Orajaka and Mohan (1985) recorded 9 isolates of 
Pseudomonas from 632 dead-in-shell chicken embryos. Pseudomonas 
was isolated infrequently from adult hens with salpingitis and 
oophoritis (Batra et al., 1982). 
Alaboudi et al. (1992) reported the isolation of pseudomonas 
from dead-in-shell chick embryos. In Sudan Ahmed et al. (1981) and 
Osman (1996) isolated Pseudomonas from dead-in-shell chick 
embryo. 
Bacterial examination of internal organs of chick embryos was 
carried out over 3 years (1985 - 1987) by Koncicki and Szubstraska 
(1988) Pseudomonas aeruginosa was reported in 0 - 1.4% of samples. 
Pseudomonas aeruginosa, it can be highly virulent causing     
50 - 100% mortality in experimentally inoculated 4 week old chickens 
(Lin et al., 1993). 
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Antimicrobial testing of 31 isolates from diseased or dead 
turkey pollutes between 1 – 35 days of age indicated sensitivity only 
to enroflatacin (Salmon and Watts, 2000). 
1.1.2.4.4.   Klebsiella: 
         Klebsiella is an environmental contaminant that causes embryo 
mortality, yolk sac infection, and mortality in young chicken, turkeys 
and ostriches (Kabilika and Sharma, 1999). 
 Klebsiella has been recovered occasionally from dead embryo 
(Karim and Ali, 1976). 
Orajaka and Mohan (1985) reported 13 isolates of Klebsiella 
from 632 dead-in-shell chick embryo in Nigeria from 2 hatcheries. 
  Klebsiella was isolated from dead-in-shell embryos from local 
hatcheries in Mousl (Iraq) (Alaboudi et al., 1992). Ahmed et al. 
(1981) and Osman (1996) isolated Klebsiella from dead-in-shell chick 
embryo in Sudan. Klebsiella was isolated infrequently from 
reproductive diseases including salpingitis and oophoritis in hens 
(Sharma and Bati, 1980). 
1.1.2.4.5. Proteus: 
Proteus occasionally causes embryonic death, yolk sac 
infections and mortality in young chickens, turkeys and ducks (Lin 
and Shyu. 1996). 
Proteus present in the environment of animals as saprophytes 
but some species are associated with disease in various animal species 
including birds (Buxton and Farser, 1977). 
In Zambia Proteus was isolated from dead-in-shell embryo by 
(Kabilika and Sharma, 1991). Orajaka and Mohan (1985) recorded 
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seven isolates of Proteus from 632 dead-in-shell chick embryo in 
Nigeria. In Jordan Shawabken et al. (1993) isolated Proteus vulgaris 
and Proteus mirabilis. Proteus was isolated from 4 hatcheries in 
Mousl (Iraq) with other 7 genera Alboudi et al. (1992). In Sudan 
Ahmed et al. (1981) and Osman (1996) reported isolation of many 
species of Proteus. 
Proteus has been recorded occasionally from a low percent of 
salpingitis and oophoritis lesions in layers (Batra et al., 1982). 
Wong and Jiang (1995) reported that Proteus has been associated 
with respiratory disease in chickens. 
Proteus can penetrate the egg-shell, which is facilitated by fecal 
contamination. Experimental inoculation of fertile eggs resulted in 
100% embryonic mortality (Bruco and Drysdale, 1994). 
Antimicrobial testing of 19 Proteus isolates from diseased or 
dead turkey poullts between 1-35 days of age indicated sensitivity to 
enrofloxacin and celflofur (Salmon and Watts, 2000). 
1.1.2.4.6.   Entrobacter: 
Enterobacter is a normal inhabitant of the avian digestive tract 
(Binek et al., 2000). In common with other Gram-negative bacteria in 
the Enterobacteriaceae family, it can infect eggs and young birds 
causing embryo loss, omphalitis, yolk sac infections and mortality in 
young birds (Lin Shyu and Shyu, 1996). 
In Sudan Ahmed et al. (1981) and Osman (1996) isolated two 
species of Enterobacter, E. aerogenes and E. cloacae. Enterobacter 
was isolated infrequently from turkeys within cellulites (Oikowski     
et al., 1999). 
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1.1.2.4.7. Citrobacter: 
Strains of the genus were reported and regarded them as a 
conditional or opportunistic intestinal pathogen. When conditions 
were suitable for their growth they cause infection (Sedla et al., 1971). 
Citrobacter freundii was rarely isolated from young ducks with 
salpingitis (Bisgard, 1995). Farmer et al. (1985) reported that 
Citrobacter freundii cause diarrhea in human. 
       In Sudan Ahmed et al. (1981) and Osman (1996) were 
reported Citrobacter freundii from dead-in-shell chick embryo. 
1.1.2.4.8.   Flavobacterium: 
      Flavobacterium is a dominant proteolytic bacterium in the upper 
respiratory tract of chicken and turkey (Byrum and Selamns, 1995). 
It has been recovered from unhatched eggs and week chicks, 
(Lin and Shyu, 1996). Flavobacterium meningosepticum was isolated 
from chicken and pigeon with septicemia and/or arthritis (Vancanneyt        
et al., 1994). 
In Sudan, two species were identified, F. meningosepticum and 
F. odoratum from dead-in-shell chick embryo by Osman (1996). 
1.1.2.4.9.   Chromobacterium: 
      This genus was classified as Janthinobacterium according to 
(Barrow and Feltham, 1993).  Janthinobacterium are Gram-negative 
rods, enteric bacteria, motile, catalase positive and oxidase positive. 
Janthinobacterium violaceum predominates in tropics and is 
occasionally, responsible for pyogenic or septicemic infections of man 
and animals (Sneath, 1960). In the Sudan Ahmed et al. (1981) and 
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Osman,( 1996)  isolated Janthinobacterium from dead-in-shell chick 
embryo. 
1.1.2.4.10.   Acintobacter:       
    Acinetobacter is a non fermentative strictly aerobic small, Gram-
negative, coccobacillus in the family Moraxellaceae (Murray et al., 
1999). Acinetobacter was recovered from dead-in-shell embryos and 
weak chicks (Kabilika et al., 1999). 
         Seviour and Board (1972) isolated Acinetobacter from dead-in-
shell chick embryo. It is a common organism in poultry environments 
and has been recovered from the eyes of normal ducks (Arora et al., 
1986). Acinetobacter occasionally has been isolated form dead-in-
shell embryos and weak poults, respiratory disease, septicemia and 
inflamed joints of turkeys (Fales et al., 1978). 
1.1.2.4.11.   Aeromonas: 
         Aeromonas commonly is found in aquatic environments and 
animals. It is a frequent intestinal inhabitant of poultry that easily can 
contaminate carcasses during processing. Intestinal colonization is 
dependent on the O. antigen lipopolyasacchride of the organism. 
(Merino et al., 1996). 
         Aeromonas is among the environmental bacteria that can be 
recovered from dead-in-shell embryos and weak chicks (Lin and 
Shyu, 1996). Microbial contamination of ostrich eggs by Aeromonas 
was associated with reduced in hatchability (Deeming, 1996). 
         Aeromonas has public health significance as a potential cause 
of food-borne-illness because of the cytotoxins that it produces 
(Barnhart and Pancorbe, 1992). 
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          In Sudan Aeromonas hydrophila and Aeromonas salmonicida 
were isolated from dead-in-shell chick embryo by Osman (1996). 
1.1.2.4.12.   Plesiomonas: 
         Plesiomonas to Aeromonas, and shares many of it's 
characteristics. It is commonly found in fresh water environments and 
primarity infects aquatic birds (Jagger, 2000). 
It has been recovered from the livers of turkeys with 
histomoniasis (Valdik and Vitovec, 1972). Plesiomonas shigelloides 
was isolated from feces of human and monkeys and from canine 
lymph nodes and dead chicken embryos (Schmid et al., 1954). 
        In Sudan Osman (1996) isolated Plesiomonas shigelloides from 
dead-in-shell chick embryo. It was reported that Plesiomonas cause 
out breaks of human infectious gastroenteritis (Sakazaki et al., 1959). 
1.1.2.4.13.   Morganella: 
This organism is a quite unimportant but reported that it cause 
summer diarrhea in infant (Barrow and Feltham, 1993). 
The genus contains species Morgenella morganii, two separate 
biavor has been identified according to ornithine decarboxlation, one 
positive and another is negative but some strains are non-motile 
(Cheesbrough, 2000). 
In Sudan Morganella inorganii was isolated from dead-in-shell 
chick embryo (Osman, 1996). 
 
1.1.2.4.14. Yersinia: 
Yersina was isolated from wide variety of sources in the 
environment of man and animals (Knapp and Thal, 1963). 
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In Sudan Ahmed et al. (1981) and Osman, (1996) isolated 
Yersinia enterocolitica from dead chick embryo. 
          Yersinia entercocolitica was responsible for diarrhea, terminal 
ileitis, mesenteric lymphadenitis, arthritis and septiceamia in man and 
animals (Hassig et al., 1949). 
 
1.1.2.4.15.   ALcaligenes: 
        Gram-negative motile coccobacilli aerobic. Members of this 
genus are apparently saprophytic inhabitants of the intestinal tract of 
vertebrates. They occur in dairy products, rotting eggs and other foods 
and fresh water (Castellani and Chalmers, 1919). 
        In the Sudan Osman, (1996) and Ahmed et al. (1981) isolated 
Alcaligenes from dead-in-shell chick embryo. 
1.1.2.4.16.   Erwinia: 
        Erowinia is a Gram-negative, motile rods, associated with 
plants as pathogens and saprophytes. One species has also been 
isolated from animal and human hosts. Erwinia restricted to the 
pathogens cause necrotic or wit diseases (Waldee, 1945). 
        In the Sudan Osman (1996) and Ahmed et al. (1981) isolated 
Erwinia from dead-in-shell chick embryo. 
1.1.2.4.17.   Hafnia: 
         Hafinia spp. are Gram-negative rods, aerobic and facultative 
anaerobic, catalase positive oxidase, negative, attack sugar 
fermentatively (Barrow and Feltham, 1993). 
       They are found in feces of man and other animals sewage, soil, 
water and dairy products (Sakazaki, 1961; Motsumoto, 1963). 
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        Some strain of Hafnia carry genes encoding the ability to cause 
attaching and effacing lesions of intestinal cells (Greenwood et al., 
2002). Hafnia alvei was isolated from dead-in-shell chick embryo 
(Ahmed et al., 1981). 
1.1.2.4.18.    Serratia:  
        Serratia species are Gram-negative motile rods, they are found 
mostly in soil and water but rarely in human faeces (Cheesbrough, 
1989). Serratia is unique among the Enterbacteriaceae in producing 
three hydrolytic enzyme: lipase, gelatinase and DNase (Koneman      
et al., 1997). In the Sudan Osman (1996) isolated Serratia marcescens 
from dead-in-shell chick embryo. Serratia spp. express an 
enterobactin which mediated high affinity to iron uptake system 
(Greenwood et al., 2002). 
1.4.2.4.19. Cardiobacterium: 
        Cardiobacterium is Gram-negative, non-motile, rods, and has 
no capsules or spores. Cardiobacterium found in human nose and 
throat. It produces endocarditis in man. Not shown to be pathogenic to 
laboratory animals (Slotnick et al., 1964). 
Ahmed et al. (1981) isolated cardiobacterium hominis from 
dead chick embryo in Sudan. 
1.1.2.4.20. Providencia: 
     Providencia is a Gram-negative rods, motile, aerobic and 
facultative anaerobic, catalase positive, oxidase, negative and attacks 
sugar fermentatively (Barrow and Feltham, 1993). 
       The genus Providencia includes three species P. aclalifaciens, 
P. rettgeri, P. stuartii (Barrow and Feltham, 1993). 
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      Osman, (1996) isolated Providenca from dead-in-shell chick 
embryo in Sudan. 
1.1.2.4.21.    Bordetella: 
Brodetella is a Gram-negative, motile, catalase positive and 
oxtidase positive coccobacilli (Clark et al., 1984). 
Brodetella bronchiseptica was isolated from dead-in-shell chick 
embryo (Osman, 1996) in Sudan. 
1.2  Predisposing factors:  
    Several species of the genus Salmonella have been shown to 
readily penetrate to the shell and shell membranes of the eggs of 
medium and poor shell quality and to penetrate significant percentage 
of eggs of excellent shell quality (Stokes 1956; Sauter and Peterson, 
1974).  
Salmonella readily penetrated through the shell of freshly laid 
eggs but this penetration can be suppressed by cooling the eggs at 4 
degree (Miyamota et al. 1998). 
Numerous factors may influence the incidence of Salmonella 
penetration of the egg shell (Walden, 1956). The pH of water 
solutions is very important factor in bacterial challenge of shell eggs 
(Sauter, 1979). 
  Salmonella typhimurim penetrated significantly fewer incubating 
fertile eggs than infertile eggs held under the same conditions. 
Penetration by Salmonella typhimurium to egg shell was similar to 
penetration by Arizona organisms (Williams and Dillard, 1968). 
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   Proteus spp. can penetrate the egg shell, which is facilitated by 
fecal contamination. Experimental inoculation of fertile eggs resulted 
in 100% embryonic mortality (Bruce and Drysdale, 1994). 
Pseudomonas can digest egg shell cuticle if the humidity is high 
(Board et al., 1979). 
   The inner shell membrane was the most important physical 
barrier to penetration by Pseudomonas fluorescens followed by the 
egg shell and outer shell membrane (Lifshitz et al., 1964).  
    Egg shell membranes from eggs of different shell porosities 
were similar in their ability to resist penetration by Pseudomonas 
fluorescens (Hartung and Stadelman, 1963). 
The most important source of egg infection seems to be fecal 
contamination of the egg surface with subsequent penetration of the 
shell and membranes. Coliform bacteria can be found in litter and 
fecal matter. Dust in poultry houses may contain 105 - 106 E. coli/g 
particularly under dry conditions (Harry, 1964). 
1.3.   Seasonality in relation to the bacteria isolation from dead- 
in-shell chick embryo:  
        Many hatchery men in developing countries come across the 
problem of "exploder" particularly during the summer months, which 
is caused by the presence of Pseudomonas in water or inside the eggs. 
The putrefied egg contents are spread over an area of almost one 
meter, spoiling other eggs/embryos and consequently contaminating 
the whole hatch from setter to hatchers (Quresh, 2002). 
         In Poland records from three diagnostic laboratories for 10 year 
period from 1978 - 1987 indicated 20644 Salmonella isolation from 
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377981 poultry and eggs 5.46% with annual variation between 1.82% 
in 1979 and 9.38% in 1984 and a peak seasonal rate between April 
and September. Of the total isolation 82.1% were from fowl, 15 - 6% 
from ducks, 37.8% belonged to somatic group B, 32.4% to group D. 
15.4% to group E and 14.4 group C. Group D prevailed in fowls and 
group B in ducks, 4.1 - 4.7% in dead chick embryos. (Mazurkiewicz  
et al., 1988). 
       In Bhubaneswae (India), where reduced hatching percentage of 
eggs had been observed particularly in April - June from 3 - 4 years, 
100 developing chick embryos were collected for examination on days 
6, 10, 14 and 21. The causes of death were recorded for all dead 
embryos. Salmonellosis represented 35% of these isolated (Das et al., 
1994). 
        The Indian poultry industry is stretched in a wide range of agro-
climatic condition, from hot humid in the coastal region to extreme 
hot-dry weather in central India. Many parts of the country experience 
temperature of 35 - 43Cْ from February to July. Heat stress increases 
mortality reduces feed intake, egg production, egg weight and shell 
quality. The reduced shell quality increases the risk of egg shell 
breakiage, contaminating the surrounding good quality eggs (Rama 
Rao and Nagaiakshmi, 1998). 
      In recent Dutch survey on the incidence of Camylobacter and 
Salmonella in a broiler flocks it was found that in 153 out of 187 
broiler flocks (82%) were contaminated with Camylobacter spp. It 
was interesting to see that there was a seasonal variation with 
maximum isolation rates in June - September and minimum isolations 
in March.  In another report Salmonella were isolated from 49 out of 
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181 flocks (27%). This contamination was not influenced by season, 
(Mulder.1996). 
             Summer heat can be detrimental, to poultry performance, if not 
properly managed. Birds can suffer from heat stress and strokes 
leading to mortality rate ranging from 20 - 80%. In most parts of India 
summer runs from seasonal half of February to the first half of June. 
The ideal temperature for rearing chickens is between 20 – 27 o C with 
relative humidity of less than 50%, during summer feed consumption 
declines by 4 - 5% leading to decrease body weight and egg 
production (Ahmed, 2001). 
       In North Carolina, more than 300 flock observed came from 
two hatcheries and two primary breeder. Mortality was recorded at 7 
and 14 days, showed seasonal effect, mortality high in winter than in 
summer season (Carver, 2002).             
1.4. Possible sources of infection: 
       The contents of the great majority of new-laid eggs are sterile. 
The outside of the shell normally caries a large number of bacteria as 
a result of the contamination of the egg shell with faeces, etc. These 
bacteria are Bacillus, Cocci, Escherchia, Aerobacter, Pseudomonas, 
Alcligenes, Proteus and Flavobacterium. Rough handling or washing 
of the eggs instead of dry cleaning will allow penetration of the shell 
by this surface contaminates (Harrigan and Margaret, 1966). 
        Bacteria such as Salmonella, Escherchia coli, Pseudomonas 
and Proteus and Moulds (such as Aspergillus fumigatus) can 
contaminate both egg and chick. Gram-positive bacteria dominate 
rotten and tainted eggs, (Luc Ledouy, 2002). 
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1.5.  Prevention and control measures of bacterial infection: 
- Hatcher building must be checked by swabs for bacterial                                   
contamination. 
- Setter and hatcheries are checked by the settle plate 
methods for bacterial load. 
- Fumigation of hatching eggs must be done in the farm 
immediately after laying. 
- Storage room of fertile eggs must be cleaned and 
disinfected daily (Mack North, 1990). 
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CHAPTER TWO 
MATERIALS AND METHODS  
2.1. Sterilization: 
2.1.1. Red heat: 
        It was used to sterilize wire loops and needles by holding them 
over Beunsen burner flame until they became red hot. 
2.1.2. Hot air oven: 
       It was used to sterilize Petri dishes, test tubes, forceps, flasks, 
Pasteur pipettes, glass bottles and graduated pipettes at 160°C for one 
hour. 
2.1.3. Autoclave: 
      Media and solutions were sterilized by autoclaving at 121°C 
(15lb/inch2) for 15 minutes, but carbohydrates media were sterilized at 
110°C (10lb/inch2) for 10 minutes. 
2.1.4. Disinfectants:  
      Phenol disinfectant and 70 % alcohol were used to disinfect 
the floor and working benches in the laboratory.  
2.2. Collections of specimens:  
       A total of 450 fertile eggs were collected from Arab company 
for livestock development (ACOLID) during the period between July 
2004- July 2005. 
    Table (2.1) shows the number of collected samples at different 
seasons of the year. 
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Table 2.1.: Collection of samples during different seasons of the year: 
Total Summer  3-6 2005 
Winter  
11-2 2005 
Autumn  
7-10 2004  Season 
450  150  150  150  Number of samples
 
    Sources of fertile eggs were Jordan (imported eggs), and Acolid 
(local eggs), table (2.2). Only dead embryos were taken at different 
ages and subjected to bacteriological investigation (fertile eggs chicks 
failed to hatch after the required period were considered as dead 
embryos). 
  
Table 2.2.: Source and age of dead chick embryo at collection: 
Total20 days 
15 
days 
10 
days 
5 
days 
0 
day Source/Age
330 210  60  30  15  15  Imported  
120 60  30  10  10  10  Local 
450 270  90  40  25  25  Total 
 
      Additional 60 samples were collected as control from live 
fertile eggs at different ages, table (2.3). 
Table 2.3.:   Samples collected from eggs containing live embryo:   
Total 20 15 10 5  0 Age of embryo/day  
60  30  10  10  5  5  No. 
 
       To study the possible source of infection, samples were also 
collected from different sources.  
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     Fifty swabs from fertile eggs were collected immediately after 
laying from the parents (before fumigation). 
       Samples were also collected from the incubators and hatcheries 
environments. All samples were transported immediately to 
Bacteriological laboratory, Dept. of Microbiology at the Faculty of 
Veterinary Medicine, University of Khartoum.       
2.3. Bacteriological investigations: 
2.3.1. Culture media 
       Several solid, semi solid and liquid media were used for 
isolation and identification of the bacteria. 
2.3.1.1. Solid Media: 
2.3.1.1.1. Nutrient agar (Oxoid)  
Ingredients                                                g/l 
Peptone                                                     5.0 
Yeast Extract                                            2.0 
Lab.lemco powder                                   1.0 
Sodium chloride                                       5.0 
Agar No.1                                                 15.0  
        Twenty eight grams of powder were suspended in one liter of 
distilled water and brought to boil to dissolve completely. The pH was 
adjusted to 7.4 and sterilized by autoclaving at 121°C (15 lb/inch2) for 
15 minutes, the medium was then cooled to 50 – 55°C and distributed 
into sterile Petri dishes in 20 ml amount or distributed into bottles in 
portion of 5 ml for slant preparation. 
2.3.1.1.2. Blood agar:  
       Hundred ml of fresh defibrinated sheep blood were added 
aseptically to 900 ml of melted sterile nutrient agar which was cooled 
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to 55°C, mixed and then distributed into sterile Petri dishes in 20 ml 
amount. 
2.3.1.1.3. MacConKey's  agar (Oxoid):  
Ingredient                                                g/l  
Peptone                                                 20.0 
Lactose                                                  10.0 
Bile salt                                                    1.5 
Sodium chloride                                      5.3 
Agar                                                       15.0  
Neutral red                                               0.03  
Crystal violet                                           0.001 
  
     As directed by Oxoid 51.5 g of powder was dissolved in one liter 
of distilled water, brought to boil to dissolved completely, sterilized 
by autoclaving at 121°C for 15 minutes, cooled to 50 – 55°C and  then 
distributed into sterile Petri-dish in 20 ml amount. 
2.3.1.1.4.  Desoxycholate citrate agar (Oxoid):  
Ingredient                                                                      g/l 
Peptone                                                                          5.0 
Lactose                                                                         10.0 
Lab-lemco powder                                                       5.0 
Sodium citrate                                                               8.5 
Sodium thiosulphate                                                     5.4 
Ferric Citrate                                                                1.0 
Sodium Desoxycholate                                                 5.0 
Neutral red                                                                    0.02 
Agar No. 3                                                                   12.0 
  
This medium was prepared by suspending 52 grams of powder 
in 1 liter of DW, boiled over flame to dissolve completely, agitated to 
prevent charring, and dispensed into sterile petri-dishes in portions of 
15ml and stored at 4ºC. 
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2.3.1.1.5. Urea agar (Oxoid):  
Ingredient                                                          g/l 
Peptone                                                             1.0 
Dextrose                                                           1.0 
Sodium chloride                                               5.0 
Disodiun hydrogen phosphate                          1.2 
Potassium dihydrogen phosphate                     0.8 
Phenol red                                                         0.01  
Agar No. 3                                                        15.0  
      2.4 grams were suspended in 90 ml of distilled water, boiled to 
dissolve completely, sterilized by autoclaving at 115°C for 20 
minutes, cooled to 50°C and aseptically 5 ml of sterile 40% urea 
solution was added and then mixed well. The medium was then 
distributed in 10 ml amount into sterile container and allowed to set in 
the slope position. 
2.3.1.1.6. Simmon's citrate agar (Oxoid):  
Ingredient                                                                g/l  
Magnesium sulphate                                              0.02 
Ammonium dihydrogen phosphate                       0.20 
Sodium ammonium phosphate                              0.80 
Sodium citrate tribasic                                          2.00 
Sodium chloride                                                    5.00 
Bromo-thymol blue                                               0.08 
Agar No.3                                                              15.00 
 
      Twenty three grams were suspended in one liter of distilled water, 
boiled to dissolve completely, then sterilized by autoclaving at 121°C 
for 15 minutes, distributed in sterile bottles aseptically and allowed to 
set in slope position. 
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2.3.1.2. Semi-solid media (Barrow and Feltham 1993): 
2.3.1.2.1. Hugh and leifson's (O.F) medium:  
Ingredient                                          g/l 
Peptone                                         2.0 
Sodium chloride                        5.0 
Dipotassium hydrogen phosphate 0.3 
Agar                                             3.0 
Distilled water                    1000 
Bromthyl blue 0.2% aquuais solution 15.0 ml 
 
          The ingredients were dissolved by steaming and the pH was 
adjusted to 7.1. The indicator was added and the medium was 
sterilized at 115oC for 15 min. Sterile solution of glucose was added 
aseptically to give final concentration of 1 %. Aseptically the mixture 
was distributed into sterile tubes of 10 ml volumes and sealed with 
cotton plugs. This media used for O/F test. 
2.3.1. 2.2.  Motility medium (Barrow and Feltham 1993):  
Ingredient   g/l 
Nutrients          13.0 
Agar                     1.0 
  
       Thirteen grams of dehydrated nutrient broth were added to 4 g 
Oxoid agar no.1 and then dissolved in one liter of D.W. to give semi- 
solid agar. The pH was adjusted to 7.4. The medium was distributed 
into 5ml amount in test tubes containing Criagie-tube, then the 
medium was sterilized by autoclaving at 121°C (15 lb/inch2) for 15 
minutes. This media used for motility test. 
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2.3.1.3. Liquid media: 
2.3.1.3.1. Selenite F. broth (Barrow and Feltham 1993)  
Ingredient                                                            g/l  
Peptone                                                                1.0 
Mannitol                                                               0.8 
Na2 HPO4 12 H2O                                                 2.0 
Na2 H2 PO4 2H2O                                                  0.8 
Water                                                                 200 ml 
 
          This medium contained sodium hydrogen selenite (0.8 g), 
peptone (1 g), mannitol (0.8 g), disodium hydrogen phosphate an 
hydrous Na2 HPO4 (2 g) and distilled water (200 ml). It was prepared 
with care, the dry ingredients were mixed in water and heated to 75- 
80 oC to dissolve the solids. The pH was adjusted to 7.0. The medium 
was distributed in 7 ml volumes in test tube, sterilized by autoclaving 
and stored in cool dark place.   
2.3.1.3.2. Peptone water: 
Ten grams of peptone powder (Oxoid) were dissolved in 100 ml 
D.W and pH was adjusted to 7.2. The medium was distributed in 5 ml 
aliquots into sterile bottles and sterilized by autoclaving at 121oC     
(15 lb/inch2) for 15 minutes. 
2.3.1.3.3. Carbohydrate fermentation medium:  
            This medium was prepared according to Barrow and Feltham 
(1993). Nine hundred ml of peptone water were prepared and the pH 
was adjusted to 7.1. Ten ml of Andrade's indicator were added and the 
medium was sterilized by autoclaving at 121°C (15 lb/inch2) for 20 
minutes. 
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        Sugar solution was prepared by dissolving 10 g of the 
appropriate sugar in 90 ml of peptone water and sterilized by 
autoclaving at 115°C (10 lb/ inch2) for 20 minutes. This sugar was 
added to the prepared sterile peptone water and then distributed into 
sterile test tubes with inverted Durham's tube. The carbohydrates used 
were glucose, mannitol, mannose, xylose raffinsoe, trehalose, sucrose, 
lactose, arabinose sorbitol, fructose and ribose. 
2.3.1.3.4. KCN broth (Barrow and Feltham 1993):  
 Ingredient                                                       g/l 
Peptone                                                           3 
Sodium chloride                                              5 
KH2PO4                                                         0.225 
Na2HPO42H2O                                             5.64 
Distilled water                                               1000 ml  
      The solids were dissolved in distilled water, filtered through a 
sintered glass funnel and distributed in 100 ml volumes in screw-
capped containers and sterilized at 115°C for 20 minutes. One and half 
ml of 0.5% KCN solution was added to 100 of base, mixed and 
aseptically distributed in 1 ml amount into sterile screw capped 
bottles. This media used for KCN test. 
2.3.1.3.5. Nutrient broth (Oxoid):  
Ingredient                                                                     g/l 
Peptone                                                                        5.0 
Yeast extract                                                                2.0 
Lab lemco powder                                                       1.0 
Sodium chloride                                                           5.0 
pH 7.4 (approx.) 
      Thirteen grams were added to 1 liter of distilled water, mixed 
well to dissolve, distributed into containers and sterilized by 
autoclaving at 121oC for 15 minutes. 
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2.3.1.3.6. Nitrate broth (Barrow and Feltham, 1993): 
Ingredient                                                                       g/l 
KN03                                                                              1.0 
Nutrient broth                                                           1000 ml 
     KNO3 was dissolved in the broth, distributed in sterile test 
tubes, and then sterilized at 115°C for15 minutes. This media used for 
nitrate test. 
2.3.1.3.7. Nutrient gelatin (Oxoid): 
Ingredient                                                                        g/l 
Lab lemco powder                                                            3.0 
Peptone                                                                             5.0 
Gelatin                                                                             120.0 
     An amount of 128 grams were suspended in 1 liter of distilled 
water then boiled to dissolve and mixed well. The pH was adjusted to 
6.8 and then the medium was poured into sterile bigou bottles in 
portion of two ml each followed by sterilization at 121o C for 15 
minutes. This media used for nutrient gelatin test. 
2.3.1.3.8. MR. VP medium (Oxoid):  
Ingredient                                                             g/l 
Peptone                                                                 5.0 
Dextrose                                                               5.0 
Phosphate buffer                                                   5.0 
pH 7.5 (approx.) 
     Fifty grams were added to liter of distilled water, mixed well 
and then distributed in test tubes and sterilized by autoclaving at 
121°C for 15 minutes. This media used for MR and Voges-Proskauer 
tests. 
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2.3.2. Solutions and reagents: 
   Unless other wise stated all reagents and solutions were 
prepared according to Borrow and Feltham (1993). 
2.3.2.1. Hydrogen peroxide:  
      This was obtained from Agropharm (Buckingham, England) 
and prepared as 3 % aqueous solution for catalase test. 
2.3.2.2. Tetramethyl-p-Phenylene diamine dihydrochloride:  
    This was obtained from  BDH (England ). It was prepared as 10 
% aqueous solution and used for oxidase test. 
2.3.2.3. Kovac's reagent: 
It consists of: 
Paradimethyl amino benzaldhylde                                        5 g                              
Amylo alcohol                                                                     75 ml 
Concentrated hydrochloric acid                                        25 ml 
      The aldehyde was dissolved in the alcohol by gentle warming in 
water bath (50 -55°C). It was cooled and the acid was added with care. 
The reagent was protected from light and stored at 4°C for indole test. 
2.3.2.4. Nitrate test reagent:  
    Solution (A) consisted of 33% sulphanlic acid dissolved by 
gentle heating in 5 N – acetic acid. Solution (B), consisted of 0.6% 
dimethyl - naphylamine dissolved by gentle heating in 5 N- acetic 
acid. It was used for nitrate test. 
2.3.2.5.    Methyl red solution:  
Ingredient  
Methyl red                                                      0.04 g  
Ethanol                                                          40 ml  
Distilled water                                               60 ml  
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Methyl red was dissolved in the ethanol and diluted up to 100 
ml with distilled water. It was used for methyl red test. 
2.3.2.6. Alpha-napthol solution:  
It was prepared as 5 % solution and used for Voges-Proskauer 
test. 
2.3.2.7. Potassium hydroxide (KOH):  
It was prepared as 4 % aqueous solution and used for Voges- 
Proskauer test. 
2.3.3. Cultivation of samples: 
At the region of the air sac, the egg shell was covered with 
cotton soaked in 70% Alcohol for 15 min. Then by means of sterile 
forceps the shell at the area was broken. A sterile swab was introduced 
into the egg to collect allantoic fluid. 
     Under the flame, the swab was used to primarily inoculate 
blood agar, MacConKey agar and Selenite F. broth. Solid media were 
streaked from the primary inoculums using a wire loop. 
     All cultured media were incubated aerobically at 37oC for 24 h. 
Further incubation of solid media was continued for up to 72 h, before 
the plate was discarded as negative. 
       Growth in Selenite F. broth was re-inoculated on Desoxycholate 
citrate agar. 
Swab samples:  
      Swabs were collected from unfumigated fertile eggs. A sterile 
swab, presoaked in normal saline, was rubbed against the surface of 
unfumigated egg and placed immediately in its cover. 
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     In the laboratory, the swab was used to streak blood agar, which 
was incubated as described before. 
Environment samples: 
       To examine the incubator and hatchery environment for bacteria, 
blood agar plate were opened and placed immediately into incubator, 
and hatchery, then removed after half an hour after closing their lids. 
   In the laboratory the plates were incubated as described before.    
2.3.3.1. Subculturing of the primary isolates: 
2.3.3.1.1. On Solid medium: 
      A typical and well isolated colony was partly picked by a sterile 
wire loop and streaked on the surface of fresh plate of the blood agar. 
2.3.3.1.2. Into Liquid media: 
      This was done by the use of sterile wire loop. Typical and well 
isolated colony was picked and transferred into liquid media. 
2.3.3.2. Incubation of cultures: 
      Inoculated solid, semi- solid and liquid media were incubated 
aerobically at 37oC and examined after 24-72 h of incubation. 
2.3.3.3. Examination of cultures:  
       Growth on solid media was examined usually with naked eye 
for colony morphology and any change in the medium like 
haeomlysis, pigmentation. Growth in liquid media was examined for 
colour, turbidity and sediment formation. 
2.3.4.   Purification and storage of isolates:   
     Purification was done by sub-culturing from typical single 
colonies on blood agar. This process was repeated three times. 
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     Preservation of isolates were done for purified isolates, which 
were inoculated on nutrient agar slope and incubated at 37oC. The 
resulting growth was checked for purity by Gram’s reactions and kept 
at 4oC in the refrigerator. Sub-cultures were made in the same manner 
every three months. 
2.3.5. Identification of isolates: 
    Identification of isolates was carried out as described by Barrow 
and Feltham (1993).  
2.3.5.1. Microscopic Examination of samples: 
    Smears were made from purified colonies of culture. These 
were fixed by heating, stained by Gram's methods and examined 
microscopically for identification of bacteria. 
2.3.5.2. Biochemical test: 
2.3.5.2.1. The primary tests: 
     The primary tests include Gram-reaction, cell morphology, 
motility test, catalase test, oxidase test, acid production from glucose 
and oxidation fermentation (O/F) test. 
2.3.5.2.1.1.   Gram reaction:  
     The first step in identification of organism was by Gram's stain. 
A small part of colony was emulsified with normal saline on a clean 
microscopic slide, dried on air, fixed by flame and stained by Gram's 
stain. 
2.3.5.2.1.2. Morphology:  
     It includes, shape, arrangement, and possession of spores, their 
size, shape and location, colonies shape and pigmentation.  
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2.3.5.2.1.3. Motility:          
Motility media were inoculated with organisms under test by 
stabbing the medium inside Craigie tube and incubated at 37oC for 24 
hours. Motile organism grew outside the Craigie tube, while non 
motile bacteria grew only inside Craigie tube. 
2.3.5.2..1.4. Catalase test: 
         A drop of 3% H2O2 was placed on clean slide and a colony of 
tested culture on nutrient agar was picked by glass rod and added to 
the drop of 3% H2O2. A positive reaction was indicated by production 
of H2O2. 
2.3.5.2.1.5. Oxidase test: 
          Strip of filter paper was socked with 1% of solution of 
tetramethyl-p-phenylene diamine dihydrochloride, dried in hot air 
oven and then placed on clean glass slide by sterile forceps. A fresh 
young test culture on nutrient agar was picked off with sterile glass 
rod and rubbed on the filter paper strips. The reaction was considered 
positive when a purple colour developed within 5 – 10 seconds. 
2.3.5.2.1.6. Acid production from glucose: 
      The peptone water glucose was incubated with organism under 
the test, incubated at 37oC, and then examined daily for several days. 
Acid production was indicated by appearance of reddish colour, while 
gas production was indicated by presence of empty space in the 
inverted Durham’s tubes. 
2.3.5.2.1.7. Oxidation – Fermentation (O/F) test:  
      Duplicate tubes of Hugh and Liefson's medium were incubated 
by stabbing with a sterile straight wire. A layer of melted soft paraffin 
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oil of 1cm depth was added to one tube. The tubes were incubated at 
37oC and examined daily for up to 14 days. A change of colour in the 
open tube only indicated oxidation while change of colour in both 
open and sealed tubes indicated fermentation. 
2.3.5.2.2. The Secondary biochemical test:  
     The secondary biochemical test to which the isolates were 
subjected included citrate utilization, urease test, indole test, Voges- 
Proskauer (V.P) test, methyl Red test, Nitrite reduction, Gelatin 
hydrolysis, potassium cyanide test, hydrogen sulphide (H2S) 
production, coagulase test and fermentation of sugars. 
2.3.5.2.2.1. Citrate utilization:  
       This test was applied to test the ability of organism to utilize 
citrate as a sole source of carbon. A suspension of organism in sterile 
saline was inoculated on citrate medium with straight wire loop and 
incubated at 37o C for 7 days. A positive test was indicated by a 
change in colour from green to blue. 
2.3.5.2.2.2. Urease activity:  
      The aim of this test was to detect the presence of urease enzyme 
which breaks down the urea to ammonia and carbon dioxide. Test 
culture was streaked on urea agar slope and incubated at 37o C for two 
days. A positive reaction was indicated by a change of colour to pink. 
2.3.5.2.2.3.   Indole test :  
      The aim was to demonstrate the ability of certain bacteria to 
decompose the tryptophane to indole. Peptone water was inoculated 
with test culture and incubated at 37oC for 48 hours. One ml of xylol 
was added to the culture, shaken well and then allowed to stand until 
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the xylol collected on the surface, 0.5 ml of kovac's reagent was run 
down. A pink ring which appeared on the xylol layer within minutes 
indicated positive reaction. 
2.3.5.2.2.4. Voges-Proskauer test:  
      It was used to test the production of acetyl-methlyl-carbinol 
(action) from glucose in buffered medium. The test organism was 
inoculated into glucose phosphate peptone water, and incubated at 
37oC for 48 hrs. three ml of 5 % alcoholic α-naphthol and 1 ml of 40% 
KOH was added. A positive reaction was indicated by development of 
bright pink colour within 50 minutes. 
2.3.5.2.2.5. Methyl Red test:  
      This was to test the production of acid by an organism from 
glucose in buffered medium. The test organism was inoculated in 
glucose phosphate peptone water, incubated at 37oC for 48 hrs then 
five to six drops of methyl red reagent were added. A positive reaction 
was indicated by development of red colour of the medium. 
2.3.5.2.2.6. Nitrate Reduction:  
      To test the ability of the organism to reduce nitrate to nitrite. 
Test culture was inoculated into nitrate broth, then incubated at 37o C 
for 2 days. 
     One ml of solution A (sulphanilic acid) was added to the test 
culture followed by one ml of solution B (naphthyl-amine). 
Appositive reaction was indicated by development of red colour. If the 
result was negative zinc dust was added. Red colour indicated the 
presence of nitrate. 
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2.3.5.2.2.7.   Gelatin hydrolysis or liquefaction:  
       Nutrient gelatin was inoculated with test culture and incubated at 
37oC and after few days cooled in refrigerator to see whether gelatin 
retained it's gelling property or not. 
2.3.5.2.2.8. Potassium cyanide test:  
      A straight loop dipped in a 24 h culture was used to inoculated 
KCN broth. Cap of bottle was tightly screwed down and incubated at 
37o C for up to 48 h then examined for the presence of turbidity which 
indicated growth that constitutes a positive reaction. 
2.3.5.2.2.9. Hydrgen sulphide ( H2S) production :  
      The test culture was inoculated into peptone water. A Filter 
paper socked in 10 % lead acetate was inserted in the tube opening 
between the cotton and the tube class and the medium incubated at 
37oC for 48 h. A positive reaction was indicated by a brown or black 
colour of the paper. 
2.3.5.2.2.10. Coagulase test:  
      It was used to demonstrate the presence of the coagulase 
enzyme which clots the plasma by conversion of fibrinogen to fibrin. 
     Slide coagulase test was made by placing a drop of normal 
saline on a clean microscopic slide. About two colonies from each test 
culture were emulsified in the drop of normal saline until it form 
milky suspension. 
        A loop of undiluted rabbit plasma was then stirred into the drop 
of bacterial suspension. Coarse clumping visible to the naked eye with 
in five to ten seconds was regarded as positive result. 
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2.3.5.2.2.11. Fermentation of sugars:  
     Sugar media were inoculated with the test organism and 
incubated for 24 hrs, at 37°C. The change of colour to pink indicated a 
positive reaction. Gas was accumulated in the Durham's tubes when 
produced. 
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CHAPTER THREE  
RESULTS  
  
     The bacteriological investigation in the present study were 
based on isolation of bacteria from allantois fluid of  450 fertile eggs 
containing dead chick embryo at different ages ranged from zero to 21 
days. Samples were collected from both local and imported fertile 
eggs. 
      Additional 50 samples were collected also from life fertile eggs 
for control. 
3.1. Isolation of bacteria: 
       The total number of bacteria isolated were 103 (22.8%) as 
shown in table 3.1. They consisted of 19 Gram-positive (18.45%) and 
84 Gram – negative (81.55%) bacteria.  
      No bacteria were isolated from control samples (life fertile 
eggs). 
3.1.1. Gram-positive bacteria: 
    19 isolates of Gram-positive bacteria were recovered and 
counted for (18.45%) of the total isolates as shown in table 3.2. 
    Five genera were isolated as shown in tables 3.3 and 3.4, and 
included Staphylococcus (7.77%), Bacillus (3.88%), Micrococcus 
(2.91%), Corynebacterium (1.94%), and Enterococcus (1.94%). 
3.1.1.1. Staphylococcus:  
    Eight isolates were obtained from the genus Staphylococcus and 
represented (42.10%) of the Gram-positive isolates. Five isolates were 
42 
 
identified as Staphylococcus aureus and this represents (26.32%) of 
Gram- positive isolates and (62.5%) of the genus Staphylococcus  
2(10.53%of Gram-positive and 25% of Staphylococcus isolates) were 
Staphylococcus epidermidis, and 1 (5.26%, of Gram-positive, 12.5% 
of Staphylococcus isolates) was Staphylococcus gallinarum. 
3.1.1.2.  Bacilus: 
    Four isolates of this genus were recovered (table 3.3). They 
represented (21.51% of total Gram – positive bacteria) isolated and 
comprised the species Bacillus brevis 3 (15.79% of total Gram- 
positive bacteria), Bacillus cereus 1 (5.26% of total Gram-positive 
bacteria). 
3.1.1.3. Micrococcus: 
    Three isolates (15.79%) of this genus were recovered. Tow of 
them comprised Micrococcus luteus (10.52%, of total Gram – positive 
bacteria), and the third isolate was  Micrococcus varians (5.26% of 
total Gram-positive bacteria). 
3.1.1.4. Corynebacterium: 
    Two isolates (10.53%) of this genus were recovered and 
identified as Corynebacterium hofmannii 1 (5.26% of total Gram- 
positive bacteria) and Corynebaterium haemollytium 1(5.26%, 50%).  
3.1.1.5.    Enterococcus: 
    Two species of Enterococcus were isolated and represented 
10.52% total of Gram-positive bacteria. The first species was 
Entrococcus faecalis 1 (5.26%), and the second species was 
Entorcoccus avium 1 (5.26%). 
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Table (3.1): The number of bacteria isolated from different fertile eggs:  
% of 
positive 
samples 
Number 
of (+ve) 
samples 
Number 
of isolates 
Number 
of samples
Fertile 
eggs 
19.7  65  72  330  imported
23.3  28  31  120  Local
20.6  93  103  450  Total 
 
 
 
 
 
Table (3.2):  Distribution of isolated bacterial genera among different 
fertile eggs- ages: 
% Total20  15  10  5  0  
Age days 
Bacteria       
18.50 19  14  4  1  -  -  
Gram-
Positive  
81.50 84  62  16  5  1  -  
Gram-
negative  
100  103  76  20  6  1  -  Total 
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Table (3.3): Distribution of isolated Gram-positive bacteria among 
different sources of fertile eggs:  
% from total 
isolates  Total Local  Imported Genus 
7.77  8  2  6  Staphylococcus
3.88  4  1  3  Bacillus
2.91  3  1  2  Micrococcus
1.94  2  1  1  Corynebacterium
1.94  2  1  1  Enterococcus
18.45  19  6  13  Total  
 
 
 
Table (3.4): Distribution of isolated Gram-positive bacterial species 
among different sources of fertile eggs: 
Total Local Importe
d 
Spp. Genus  
5  2  3  S. aureus
2  -  2  S. epidermidis
1  -  1  S. gallaniarum
Staphylococcus  
3  1  2  B. brevis
1  -  1  B. cereusBacillus  
2  1  1  M. luteus
1  -  1  M. variansMicrococcus  
1  1  -  C. hofmannii
1  -  1  C. haemolyticumCorynebacterium  
1  -  1  E. avium
1  1  -  E. faecalisEnterococcus  
19  6  13   Total 
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3.1.2. Gram-negative organisms: 
    Eighty four Gram-negative bacteria were isolated and 
represented 81.55% of the isolated bacteria, (table 3.2). 11 genera 
were identified (table 3.5) and 20 species were recovered (table 3.6). 
3.1.2.1. Proteus: 
    Nineteen isolates of this genus were recovered (table 3.6), they 
represented (18.44) of the total bacteria isolated and comprised the 
species Proteus mirabilis (10 isolates, 11.90% of the total Gram- 
negative bacteria), Proteus penneri (6 isolates 7.14% of the total 
Gram-negative bacteria) and Proteus vulgaris (3 isolates, 3.57% of the 
total Gram-negative bacteria). 
3.1.2.2. Escherichia: 
        Twenty isolates of this genus were recovered table (3.6); they 
represented (11.65%) of the total bacteria isolated and comprised the 
species Escherchia coli (12 isolates, 14.28% of the total Gram- 
negative bacteria). 
3.1.2.3. Klebsiella:  
   Ten isolates of this genus were recovered (table 3.6), they 
represented (9.7%) of the total bacteria isolated and comprised the 
species Klebsiella oxytoca (6 isolated, 7.14 of the total Gram-negative 
bacteria), Klebsiella  ozaenae (3 isolates, 3.57% of the total Gram-
negative bacteria), and Klebsiella aerogenes. (1 isolate, 1.19% of the 
total Gram-negative bacteria. 
3.1.2.4. Citrobacter: 
    Nine isolates of this genus were recovered (table 3.6); they 
represented (8.73%) of the total bacteria isolated and comprised the 
species Citrobacter freundii (9 isolates, 10.71% of the total Gram-
negative bacteria). 
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Table (3.5): Distribution of isolated Gram-negative bacterial genera  
among different sources of fertile eggs: 
Total  Local Imported  Genus 
19  6  13  Proteus
12  4  8  Escherichia
10  2  8  Klebsiella
9  3  6  Citrobacter
8  2  6  Pseudomonas
7  1  6  Janthinobacterium
6  2  4  Yersina
4  3  1  Salmonella
4  2  2  Flavobacterium
3  -  3  Enterobacter
2  -  2  Morganella
84  25  59  Total 
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3.1.2.5. Pseudomonas: 
    Eight isolates of this genus were recovered (table 3.6); they 
represented (7.77%) of the total bacteria isolated and comprised the 
species Pseudomonas aeruginosa (6 isolates, 7.14% of the total Gram- 
negative bacteria), Pseudomonas maltophilia (1 isolate, 1.19% of the 
total Gram-negative bacteria). and Pseudomonas stutzeri (1 isolate, 
1.19% of the total Gram – negative bacteria). 
3.1.2.6. Janthinobacterium: 
    Seven isolates of this genus were recovered (table 3.6), they 
represented (6.80%) of the total bacteria isolated and comprised the 
species Janthinbacterium  violaceum (6 isolates, 7.14% of the total 
Gram-negative bacteria), and  Janthinbacterium  lividium(1 isolate, 
1.19% of the total Gram – negative bacteria).  
3.1.2.7. Yersinia: 
    Six isolates of this genus were recovered (table 3.6); they 
represented (5.82%) of the total bacteria isolated and comprised the 
species Yersinia entrocolitica (6 isolates, 7.14% of the total Gram- 
negative bacteria). 
3.1.2.8. Salmonella: 
    Four isolates of this genus were recovered (table 3.6), they 
represented (3.88%) of the total bacteria isolated and comprised the 
species Salmonella typhimurium (4 isolates, 4.76% of the total Gram- 
negative bacteria). 
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Table (3.6): Distribution of isolated Gram-negative bacterial species 
among different imported and local fertile eggs: 
Genus Species Imported  Local  Total 
P. mirabilis 7 3 10 
P. penneri 4 2 6 Proteus 
P. vulgaris 2 1 3 
Escherichia E. coli 8 4 12 
K. oxytoca 5 1 6 
K. ozaenae 2 1 3 Klebsiella 
K. aerognes 1 - 1 
Citrobacter C. freundii 6 3 9 
P. aeruginosa 4 2 6 
P. maltophilia 1 - 1 Pseudomonas 
P. stutzeri 1 - 1 
J. violaceum 5 1 6 Janthinobacterium J. lividium 1 - 1 
Yersinia Y. enterocolitica 4 2 6 
F. meningosepticum 1 2 3 Flavobacterium F. odoratum 1 - 1 
Salmonella S. typhimurium 1 3 4 
E. aerogenes 2 - 2 Enterobacter E. cloacae 1 - 1 
Morganella M. morganii 2 - 2 
Total 59 25 84 
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3.1.2.9. Flavobacterium: 
    Four isolates of this genus were recovered (table 3.6); they 
represented (3.88%) of the total bacteria isolated and comprised the 
species Flavobacterium meningosepticum (3 isolates, 3.57% of        
the total Gram-negative bacteria), and Flavobacterium odoratum        
(1 isolate, 1.19% of the total Gram-negative bacteria).  
3.1.2.10. Entrobacter: 
    Three isolates of this genus were recovered (table 3.6); they 
represented (2.91%) of the total bacteria isolated and comprised the 
species Enterobacter aerogenes (2 isolates, 2.38% of the total Gram-
negative bacteria), and  Enterobacter cloacae (1 i1solate, 1.19% of the 
total Gram-negative bacteria).  
3.1.2.11. Morganella:  
    Two isolates of this genus were recovered (table 3.6), they 
represented (1.94%) of the total bacteria isolated and comprised the 
species Morganella morganii (2 isolates, 2.38% of the total Gram- 
negative bacteria). 
3.2. Relation of isolates to seasonality:  
Results are shown in tables (3.7, 3.8 and 3.9). 46.6%, 33.98% 
and 19.42% of isolates were recovered during summer, autumn and 
winter respectively. 
    Nine, seven and three isolates of Gram – positive bacteria were 
isolated during Summer, Autumn and winter respectively. 
     Thirty nine, twenty eight and seventeenth isolates of Gram – 
negative bacteria were isolated during summer, autumn and winter 
respectively. 
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Table (3.7): Distribution of isolated bacteria genera in different season 
of the year: 
Total Summer Winter AutumnSeason Bacteria 
19  9  3  7  Gram-positive
84  39  17  28  Gram -negative
103  48  20  35  Total  
100 46.60 19.42 33.98 % 
  
 
 
 
 
 
Table (3.8): Distribution of isolated Gram-positive bacteria in different 
season of the year: 
Total Summer Winter AutumnSeason  Bacteria  
8  
4  
3  
2  
2  
3  
2  
2  
1  
1  
2  
1  
-  
-  
-  
3  
1  
1  
1  
1  
Staphylococcus
Bacillus
Micrococcus
Crynebacteruim
Enterococcus
19  9  3  7  Total 
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Table (3.9):  Distribution of isolated Gram-negative bacteria in 
different season of the year: 
Total Summer Winter Autumn  SeasonBacteria 
19  
12  
10  
4  
6  
2  
8  
9  
7  
4  
3  
10  
7  
3  
3  
3  
1  
2  
4  
3  
2  
1  
4  
2  
3  
-  
1  
-  
1  
2  
2  
1  
1  
5  
3  
4  
1  
2  
1  
5  
3  
2  
1  
1  
proteus 
E.coli
Klebsiella 
Salmonella
Yersinia
Morgenella
Pseudomonas
Citrobacter
Janthinobactrium
Flavobacterium
Enterobacter
84  39  17  28  Total 
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3.3. Relation of isolates to sources of fertile eggs: 
    A total of 330 and 120 samples were collected from fertile eggs 
of imported and local sources respectively.  
    72 isolates were recovered from imported fertile eggs with 
frequency of isolation 21.8% while 31 isolates were recovered from 
fertile eggs of local source with frequency of isolation 25.8%       
(table 3.1). 
      More than half of isolates in both groups were recovered at the 
20th day of age (table 3.10) and comprised most Gram-negative 
isolates (table 3.11). 
     Thirteen Gram-positive bacteria were isolated from imported 
eggs (frequency of isolation = 3.9%), while 6 of them were isolated 
from local eggs (frequency of isolation = 5%). 
      Fifty nine Gram-negative bacteria were isolated from imported 
eggs (isolation frequency = 17.9%) while 25 isolates were recovered 
from local eggs (isolation frequency = 20.8%). Enterobacter and 
Morgenella were all isolated from imported eggs, (table 3.5). 
     Three isolates of Salmonella were recovered from local eggs, 
while only one isolate was recovered from imported eggs (table 3.5). 
3.4. Relation of isolates to age of chick embryo: 
      Results are shown in table (3.10) and (3.11). Most of Gram–
negative and Gram–positive bacteria were isolated in the 15th and 20th 
day of age (78 and 18 isolates respectively). 
         Figures 1,2,3,4 & 5 show dead chicks embryos at different ages. 
Figures 6, 7, & 8 show bacteria isolated from dead – in – shell chick 
embryos.  
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Table (3.10): The number of bacteria isolated from fertile eggs at 
different ages: 
Total 20 15 10 5 0 
Age day
Source of isolates 
72 51 15 5 1 0 Imported eggs  
31 25 5 1 0 0 Local eggs 
 
 
 
 
 
Table (3.11):  Distribution of isolated bacterial genera among imported 
and local fertile eggs at different ages: 
 
 
 
Total20 15 10 5 0 
Age  
Type  
of bacteria         
13 9 3 1 - - Gram-Positive  
59 42 12 4 1 - Gram-Negative  
Imported eggs 
6 5 1 - - - Gram-Positive  
 25 20 4 1 - - Gram-Negative  
Local eggs 
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Tables 3.12 and 3.13 show the distribution of isolated species of 
Gram-positive bacteria at different ages of chick embryo from local 
and imported fertile eggs respectively. 
Tables 3.14 and 3.15 show the distribution of isolated species of 
Gram-negative bacteria at different ages of chick embryo from local 
and imported fertile eggs respectively. 
3.5. Mixed bacterial infections: 
    Table 3.16 shows specimens from which more than one bacteria 
isolated. 
3.6. The biochemical reactions of isolates:  
The results of biochemical reactions of the isolates are shown in 
tables 3.17, 3.18, 3.19, 3.20, 3.21and 3.22.  
3.7. Possible sources of bacterial infection in the farm: 
3.7.1. Parent chicken:- 
    Fifty swabs were collected from the shell of fertile eggs before 
fumigation. 
     A total of 17 bacteria were isolated, they comprised 12 Gram- 
positive bacteria included Bacillus species (7 isolates).Staphylococcus 
species (three isolates) and Micrococcus species (two isolates). The 
isolated Gram-negative bacteria were five isolates E. coli. 
3. 7.2. Bacterial load of hatcheries: 
    The bacterial genera Bacillus, Micrococcus and Staphylococcus 
were isolated from hatcheries environment. 
3.7.3. Bacterial load of incubators: 
     The bacterial genera Micrococcus and Bacillus were isolated 
from the incubators environment. 
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   Table (3.12): Isolated Gram – positive bacteria at different age of 
chick embryo from local eggs: 
Total 20 15 10 5 0  Species Genus  
2  1  1  -  -  -  S. aureus
-  -  -  -  -  -  S. epidermids
Staphylococcus 
1  1  -  -  -  -  B. brevis
-  -  -  -  -  -  B. cereus
Bacillus 
1  1  -  -  -  -  M. luteusMicrococcus 
1  1  -  -  -  -  C. hofmanniiCorynebacterium 
1  1  -  -  -  -  E. faecalisEterococcus 
6  5  1  -  -  -   Total
Total number of Gram +ve 19 
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Table (3.13): Isolated Gram – positive bacteria at different age of chick 
embryo from imported eggs: 
Day 
Total 20 15 10 5 0 
Species Genus 
3 2 1 - - - S. aureus 
2 1 - 1 - - S. epidermids 
1 1 - - - - S. gallaniarum 
Staphylococcus 
2 1 1 - - - B. brevis 
1 1 - - - - B. cereus 
Bacillus 
1 - 1 - - - M. luteus 
1 1 - - - - M. varians 
Micrococcus 
1 1 - - - - C. haemolyticum Corynebacterium 
1 1 - - - - E .avium Enterococcus 
13 9 3 1 - - Total 
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Table (3.14):  Isolated Gram – negative bacteria at different age of 
chick embryo from local eggs: 
Day 
Genus Species 
0  5  10  15  20  Total
P. mirabilis - - - 1 2 3 
P. penneri - - - - 2 2 Proteus 
P. vulgaris - - - - 1 1 
Escherichia E. coli - - 1 1 2 4 
K. oxytoca - - - - 1 1 
Klebsiella 
K. ozaenae - - - - 1 1 
Citrobacter C. freundii - - - 1 2 3 
Pseudomonas P. aeruginosa - - - - 2 2 
Janthinobacterium J. violaceum - - - - 1 1 
Yersinia Y. enterocolitica - - - - 2 2 
Flavobacterium F. meningoseptium - - - - 2 2 
Salmonella S. typhimurium - - - 1 2 3 
Total - - 1 4 20 25 
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Table (3.15): Isolated Gram – negative bacteria at different age of 
chick embryo from imported eggs: 
 
 
  
  
Genus Species 0  5  10  15  20 Total
P. mirabilis - - 1 2 4 7 
P. penneri - - - 1 3 4 
Proteus 
 
 P. vulgaris - - - - 2 2 
Escherchia E. coli - 1 1 2 4 8 
K. oxytoca - - - 1 4 5 
K. ozaenae - - - - 2 2 Klebsiella  K. aerogenes - - - - 1 1 
P. aeruginosa - - 1 1 2 4 
P. maltophilia - - - - 1 1 Pseudomonas 
P. stutzeri - - - - 1 1 
J. violaceum - - 1 2 2 5 
Janthinobacterium 
J. lividium - - - - 1 1 
Citrobacter C. freundii - - - 2 4 6 
Yersinia Y. enterocolitica - - - 1 3 4 
F. meningoseptium - - - - 1 1 
Flavobacterium 
F. odoratum - - - - 1 1 
Salmonella S. typhimurium - - - - 1 1 
E. aerogenes - - - - 2 2 
Entrobacter 
E. cloacae - - - - 1 1 
Morganella M. morganii - - - - 2 2 
Total - 1 4 12 42 59 
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Table (3.16): Specimens from which more than one bacteria were isolated: 
Bacteria isolated 
Serial 
No. of 
sample  
Source 
Proteus mirabilis, Yersinia enteroolitica.312  
Staphylococcus aureus, Proteus mirabilis.53  
Salmonella typhimuim, Bacillis.212  
Local  
Klebsiella ozaenae, Staphylococcus epidermidis.19  
Micrococcus luteus, Proteus penneri.121  
Proteus mirabilis, Bacillus brevis.31  
Klebsiella oxytoca, Corynebacterium haemolyticum.12  
Proteus mirabilis, Micrococcus luteus.114  
Staphylococcus gallinarum, Proteus mirabilis.62  
Proteus mirabilis, Klebsiella ozaenae.23  
Imported  
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Table (3.17):   Biochemical reactions of isolated Gram  - positive cocci 
 
 
 
+ = positive,  - =negative   . = not done    d =different strain give different result. 
Staph. ≡≡ Staphylococcus,      Micr. ≡≡ Micrococcus 
 
 
Micr. 
varians 
Micr. 
Luteus 
Staph. 
epidermidis  
Staph. 
gallinarum  
Staph. 
aureusOrganism  
.  .  -  -  +  Coagulase
Yellow Yellow -  -  +  Pigmentation
-  -  +  -  +  V.P Test
.  .  +  +  +  catalase
.  .  -  -  +  haemolysis
+  +  -  -  -  oxidase
.  .  +  +  +  mannose
.  .  .  .  .  Maltose 
d  -  +  .  +.  Sucrose
.  .  -  .  +  Mannitol
.  .  -  +  +  Trehalose
.  .  .  +  .  Raffinose
.  .  .  +  d urease 
-  -  .  .  .  Motility 
+  -  .  .  . glucose 
+  -  .  .  . Nitrate reduction 
0  0  .  .  . O/F test
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Table (3.18):  Biochemical reaction of isolated Gram – positive bacilli: 
Corynebacterium 
hofmanit 
Corynebacterium 
haemolyticym 
Bacillus 
breves 
Bacillus 
cereus Organism Test 
- - + + Motility  
- - - - Oxidase  
+ + + + Catalase  
* * + + Citrate utilization 
- + + + Glucose  
* * - - Arabinose  
- - + - Mannitol  
- - - + V.P test  
- - - + Urease  
* * - - Indole  
+ - - + Nitrate reduction  
- + * * Lactose  
- + * * Sucrose  
 
+ =  Positive reaction 
-  = Negative reaction 
*. =ND 
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Table (3.19):  Biochemical reaction of isolated Gram – negative rods 
(lactose fermenting Enterobacteria).  
Enterobacter 
aerugenes 
Enterobacter 
cloacae 
Citrobacter 
freundii 
Klebsiella 
aerogenes 
K
lebsiella     
oxytoca 
Klebsiella
  ozaenae
  Escherichia
 
coli
  
Oiggmsm test  
+  +  +  -  -  - +  Motility 
+  +  +  +  +  +  +  Catalase 
-  -  -  -  -  -  -  Oxidase 
+  +  -  +  +  D -  Citrate utilization 
+  +  +  +  +  +  +  Lactose 
-  D D +  +  D -  Urease 
+  +  -  -  +  -  -  V.P test 
-  -  -  -  +  -  +  Indole 
+  +  +  +  +  +  +  Mannnitol 
+  +  +  +  +  +  +  Glucose 
+  +  +  +  +  +  -  KCN 
-  -  +  -  -  +  +  MR 
-  +  -  D +  -  -  Gelatin Hydrolysis 
F F F F F F F O/F 
Positive reaction+  =    
-  =   Negative reaction 
D = different strain Gives different result 
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 Table (3.20):  Biochemical reaction of Gram negative rods (Non lactose 
fermenting Enter bacteria):  
Positive reaction.+  =    
-  =   Negative reaction.      D = different strain Gives different result. 
.  = not done.  
  
  
  
  
  
Yersini 
enterocolitica 
Proteus 
Penneri 
Proteus 
Vulgaris 
Proteus 
M
irabilis 
Salm
onella 
Typhim
urium
 
 
     Organism 
 
    Test 
+  +  +  +  +  Motility 
+  +  +  +  +  Catalase 
-  -  -  -  -  Oxidase 
+  -  +  -  -  Indole 
.  +  +  +  +  Methyl red 
.  -  -  -  -  V.P test 
- -  D +  -  Citrate utilization 
+  +  +  +  -  Urease 
-  +  +  +  -  KCN  
.  +  +  +  -  Gelatin hydrolysis 
+  .  .  .  .  Sucrose 
+  .  .  .  .  Maltose 
F  F F F F O/F  
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Table (3.21): Biochmical reactions of other Gram - negative bacteria: 
  
Flavobactorium
 
m
eningosepticum
 
Flavobactorium
 
odoratum
 
Janthinobacterium
 
violaceum
 
Janthinobacterium
 
lividuin 
                Organism 
  Test    
-  -  +  +  Motility 
+  +  +  +  Catalase 
+  +  +  +  Oxidase 
O O F O O/F 
-  -  D +  Citrate utilization 
-  - ND ND Urease 
ND ND -  -  V.P test 
+  +  -  -  Indole 
-  -  -  -  Lactose 
+  -  +  -  Glucose 
-  -  +  D KCN 
-  -  +  +  Nitirate reduction 
 + = Positive reaction                                              
 -  =   Negative reaction                                                                                               
D = different strain Gives different result 
F = fermentative 
O = oxidative 
ND = not done 
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Table (3.22): Biochemical reaction of Gram-negative organisms:        
Morganella 
Morganii P-stutzeri P-maltophiila 
Pseudomonas
aeruginosa 
Organism 
Test 
+  +  +  + Motility  
+  +  +  +  Catalase 
-  +  d +  Oxidase 
F  o  o  o O.F
-  +  -  +  Citrate utilization 
+  d -  +  Urease 
+  -  -  -  Indole 
.  -  -  -  Lactose 
.  +  -  +  Xylose 
.  d -  +  Mannose 
. d +  -  Maltose 
. +  +  +  Glucose 
.  -  -  -  Sucrose 
+  -  +  +  KCN 
+  .  .  .  M.R
+ = positive     
  - = negative  
d = different strain give different result    
          F= fermentative  
          o = oxidative  
          .  = not done 
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Figures 1, 2, 3, 4 and 5 show dead chicks embryos at different 
ages. Figures 6, 7 and 8 show bacteria isolated from dead-in-shell 
chick embryo. 
 
  
  
Fig. (1): Dead-in-shell chick embryo *infected with Escherichia coli age 10 days 
(appearance of the beak and toes) 
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Fig (2): Dead-in-shell chick embryo*infected with Pseudomonas aeruginosa Age 
15 day (denote: the yolk is not completely absorbed) 
 
  
  
 
Fig. (3): Dead-in-shell chick embryo infected with Staphylococcus aureus Age 15 
days (denote: the yolk is not completely absorbed)  
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Fig. (4): Dead-in-shell chick embryo * infected with Staphylococcus epidermidis  
Age 21 days (denote: the yolk is completely absorbed) 
  
Fig. (5): Dead-in-shell embryo * infected with Proteus mirabilis Age 20 days 
(denote: the yolk is completely absorbed)  
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Fig. (6):  Growth of Klebsiella Oxytoca isolated from sample of dead-in-shell 
chick embryo on MacConkey agar. 
 
 
Fig. (7): Growth of Escherichia coli isolated from sample of dead-in-shell chick 
embryo on MacConkey agar showed small red pink colony 
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Fig. (8): Growth of Staphylococcus epidermidis isolated from sample of dead-in-
shell chick embryo on nutrient agar showed. 
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CHAPTER FOUR  
DISCUSSION  
  
Bacteria play an important role in the death of the chick embryo 
(dead-in-shell). It has been found through years of research that at 
least 20% of hatching eggs are wasted during incubation mainly due 
to infertility (10%)  and embryonic death (10%) leading to an overall 
average hatchability of 80% under such conditions. It is also found 
that 15 to 20% of dead-in-shell chick embryo, show bacterial 
contamination and 80% of dead-in-shell chick embryo were due to 
mycoplasma, fungi, and viral infections, nutritional deficiency and 
mechanical factors such as improper temperature and humidity in the 
incubators and hatcheries. 
 The present investigation was carried out in Arab Company for 
Livestock Development. The selected farm is regarded as one of the 
biggest poultry farms in the Sudan; it follows the intensive system of 
management with higher stocking density. The farm is composed of 
parent unit with hatcheries, broiler and layer units. 
     Reduction in hatchability was encountered in the few recent years 
in the farm due to chick embryo death. An accordingly this study was 
undertaken to investigate the possible bacterial role in reduced 
hatchability. The bacteria associated with dead chick embryos were 
isolated and identified. Their relation to sources of fertile eggs (local 
and imported), age of embryos and seasonality was studied. The 
possible sources of bacterial infections in the farm were investigated. 
     In the present study bacteria were only isolated from eggs 
containing dead embryos and not from life fertile eggs which were 
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included as controls. This finding indicated that isolated bacteria 
played a role in the death of chick embryo in Acolid Company. The 
bacteria were isolated from 22.8% of the dead chicks and this 
indicated that other causes of death may be incorporated. The detected 
percentage may not be the actual one due to the fact that bacteria may 
be disintegrated after the death of the embryo (Ahmed et al., 1981). 
This result agreed the previous findings of Quersh (2002) who stated 
that 15 – 20% of non- hatched eggs contained bacterial infection. 
        Many others causes of reduction in hatchability may be 
contributed to death of chick embryos in this study and included 
nutritional deficiency, variation in temperature of incubation, adhesion 
and others.     
 Both Gram-positive and Gram-negative bacteria were isolated 
from dead chick embryos. The Gram-negative bacteria counted for 
81.55% of the isolates in contrast to 18.45% of isolated of Gram-
positive bacteria. This result agreed with Osman (1996) who found 
that Gram-negative bacteria counted for 73.11% of the isolate and 
Gram-positive counted for 26.89%.  
Osman (1996) isolated Serratia. Aeromonas, Alcaligenes, 
Erwinia, Plesimonas, Providencia and Bordetella from dead-in-shell 
chick embryos. The above bacteria were not isolated in this study and 
this may be due the fact that Osman isolated these bacteria from 4 big 
poultry farms in the Sudan including ACOLID in which the current 
study was carried out. 
The isolated Gram-positive bacteria comprised 5 different 
genera which were isolated in other studies carried out locally or 
internationally. Staphylococcus spp. were isolated from dead-in-shell 
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chick embryo in the Sudan (Ahmed, et al., 1981; Osman, 1996), in 
Nigeria (Orajaka and Mohan, 1985), in China (Wang, 1992) and in 
Iraq (Alaboudi et al., 1992). 
Enterocuccus spp. were isolated in the Sudan (Ahmed et al., 
1981; Osman, 1996) and in Iraq (Alaboudi et al., 1992) from dead 
chick embryos. Corynebacterium spp. were isolated in the Sudan 
(Ahmed et al., 1981, Osman, 1996). Bacillus spp. were isolated in the 
Sudan (Ahmed et al., 1981; Osman, 1996) and in India 
(Lalithakunjamma et al., 1991). Micrococcus spp. were isolated in the 
Sudan (Ahmed et al., 1981), in Nigeria (Orajaka and Mohan, 1985) 
and in India (Lalithaunjamma et al., 1991). 
The isolated Gram-negative bacteria comprised 11 different 
genera which were isolated in other studies carried out locally or 
internationally. Proteus spp. were isolated in the Sudan (Ahmed et al., 
1981; Osman, 1996), in Nigeria (Orajaka and Mohan, 1985), in 
Zambia (Kabilika et al., 1999), in Jordan (Shawabren et al., 1993) and 
in Iraq (Alaboudi et al., 1992). Escherichia coli isolated in the Sudan 
(Ahmed et al., 1981; Osman, 1996), In Nigeria (Orajaka and Mohan, 
1985), in Iraq (Alaboudi et al., 1992) and in Canada (Rosario, 2004). 
Klebsiella species were isolated in the Sudan (Ahmed et al., 
1981, Osman, 1996), in Nigeria (Orajaka and Mohan, 1985), in Iraq 
(Alaboudi et al., 1992), in Bangladesh (Karim and Ali, 1976), and in 
Zambia (Kabilika et al., 1999). Pseudomonas species were isolated in 
the Sudan (Ahmed et al., 1981, Osman, 1996), in Nigeria (Orajaka 
and Mohan, 1985), in Iraq (Alaboudi et al., 1992), in Zambia 
(Kabilika et al., 1999) and in China (Lin and Shy, 1996). Salmonella 
were isolated in the Sudan (Ahmed et al., 1981; Osman, 1996), in 
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Saudi Arabia (Barbour and Nabbat, 1982), in Lower Silesia 
(Mazukiewicz et al., 1988), in Iraq (Alaboudi et al., 1992) and I India 
(Das et al., 1994).  Salmonella enteritidis was isolated by Hiba (2007) 
from cases of enteritis in Acolid Company.  Enterobacter were 
isolated in the Sudan (Ahmed et al., 1981; Osman, 1996) and in China 
(Lin and Shy, 1996). Margenella isolate in Sudan (Osman, 1996). 
Flavobacterium spp. Isolated in the Sudan (Osman, 1996) and in 
China (Lin and Shy, 1996). Janthinobacterium species were isolated 
in the Sudan (Ahmed, et al.,1981; Osman, 1996). Yersinia 
enterocolitica isolated in the Sudan (Ahmed et al., 1981; Osman, 
1996). 
Nineteen point seven percentages of imported egg samples were 
positive for bacterial growth in contrast to 23.2% samples from local 
fertile eggs. Some of isolated bacteria were recovered from imported 
fertile eggs and not from local ones and vice versa. This indicate there 
is a problems in local fertile eggs. However, 3 Salmonella isolates 
were recovered from local eggs in contrast to only one isolate from 
imported fertile eggs, although the number of samples from imported 
eggs was bigger. As Salmonella can be transmitted by transovarian 
route, it was more likely that the source of infection was the mothers.  
Most of the isolated bacteria were recovered in day 2oth of age 
and this result agreed with Jordan (1979) and Stipkovits (1985). 
Qureshi (2002) stated that the bacterial load of egg shell increase 
pronouncedly during the late incubation period and this may be the 
source of infection. 
46.4, 33.98 and 19.42% of the isolates were recovered during 
summer, autumn and winter respectively. From this result we 
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concluded that summer showed the highest infection rate among other 
season and this result was in agreement with that of Mazukiwe et al. 
(1988) in lower Silesia (Poland) and Das et al. (1994) in India. 
 The parent (surface of egg shell), the hatchery and incubator 
environment were bacteriologically investigated for their possible role 
as source infection. The isolated bacteria were similar to some of that 
causing egg infection, so possibly they may be the sources of 
infection, besides other unknown ones.  
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Conclusion: 
      We concluded from the present study that: 
*   Bacteria played an important role in the death of chick embryos 
and reduction of hatchability in ACOLID. 
*   The infection rate was slightly increased in fertile eggs from 
local source compared to that from imported source. 
*    Most bacterial infections occurred during the late incubation 
period (from 15th day up words) and summer. 
*    81.55% of the infecting bacteria were Gram–negative. 
*  The genera Staphylococcus, Bacillus and Micrococcus were the 
most frequently isolated Gram–positive bacteria, and Proteus, 
Escherichia, Klibsiella, Citrobactoer and Pseudomonas were 
the most frequently isolated Gram–negative bacteria. 
*  The mothers, the incubator and hatchery environments may be 
possible sources of infection. 
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Recommendations: 
    We recommended from the present study that:    
* Fumigation of hatching eggs in the farm must be done 
immediately after gathering of the eggs. 
* Proper hygienic methods in the farm should be followed to 
avoid infection. 
* Large farms should be provided with a Microbiology laboratory 
for quick detection and control of contaminants. 
* Further studies are needed to explore the role of other infections 
agents (viruses, fungi, mycoplasma) and non–infection agents 
in the reduction of hatchability in ACOLID farms.  
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